The Amerex extinguisher successfully extinguished nine out of ten rear engine fires in an average time of 21 s using an average of 132 lb (88 percent of extinguisher capacity) of Novec in each fire.
The Amerex extinguisher successfully extinguished nine out of ten access panel fires in an average time of 15 s using an average of 81 lb (54 percent of extinguisher capacity) of Novec in each fire.
During the stream reach test, the extinguisher demonstrated the ability to extinguish small fires at a distance of at least 30 ft from the nozzle. This exceeded requirements on effective throw range of 25 ft specified in a joint Air Force-Navy project for the Environmental Security Technology Certification Program (ESTCP) that looked at potential replacements for the Halon 1211 flightline extinguisher.
Overall, the Amerex model 775 extinguisher demonstrated the ability to extinguish both threedimensional and hidden fires and was shown to have a stream reach distance that exceeds throw range requirements established in an earlier joint Air Force-Navy project.
INTRODUCTION

Background
It has been estimated that there are currently 20,000 flightline fire extinguishers at DOD installations, primarily at airfields operated by the U.S. Air Force (USAF), Navy and Marine Corps. The current DOD flightline extinguisher uses Halon 1211, an ozone depleting substance (ODS). Under the terms of the Montreal Protocol and the U.S. Clean Air Act, the production of Halon 1211 ceased in 1993. DOD maintains a stockpile of Halon 1211 under the Defense Logistics Agency (DLA) Defense Reserve. Annual consumption of Halon 1211 for flightline applications is estimated to be as high as 200,000 lb per year. Based on the size of the DLA reserve, the stockpile could be depleted in less than ten years (1) . Planned restrictions on the use of Halon 1211 in other countries may require an USAF alternative agent/extinguisher sooner.
The existing Halon 1211 flightline extinguishers were procured by DOD using a purchase description prepared by Warner Robins ALC (2) . Figure 1 shows the current unit.
Figure 1. Amerex Model 600 DOD Halon 1211 Flightline Extinguisher
The extinguisher holds 150 lb of Halon 1211, which is discharged through a hand-held nozzle connected to 50 ft of ¾-in hose. The agent container is of the stored pressure type, using nitrogen as the pressurizing medium. The overall discharge time is approximately 48 s, yielding an average flow rate over the entire discharge of 3.1 lb/s. The unit has a 30A:240B:C rating from Underwriters Laboratory (UL) based on UL Standard 711 (3).
AFCEC desires to identify and select an alternative agent and/or a dispensing system to replace the existing 150-lb Halon 1211 flightline units.
A test protocol was previously designed and Halon 1211 was evaluated to determine the ability of the agent to extinguish pooled and flowing fuel tailpipe fires and a hidden engine fire. This was documented in a USAF/Air Force Research Laboratory (AFRL) report on establishing 3 DISTRIBUTION A: Approved for public release; distribution unlimited. AFCEC-201501; 7 January 2015 minimum performance requirements for USAF flightline fire extinguishers (4) as well as a follow-up USAF/AFRL report documenting the performance of the current Halon 1211 extinguisher (5).
Because any agent used in an extinguisher proposed for testing would be considered a replacement for an ODS, under Section 612 of the Clean Air Act of 1990 the agent would have to be approved as an acceptable Halon 1211 replacement through the Environmental Protection Agency (EPA) Significant New Alternatives Policy (SNAP) program prior to testing.
In previous ESTCP testing, criteria used in selecting candidate agents for testing included (1):
 Agent must be "clean" (leave no residue and be electrically non-conductive)  Agent must not be a Class I or Class II ODS  Agent atmospheric lifetime must be less than 250 years  Agent global warming potential (GWP) must be less than 10,000  Agent could not increase safety or occupational health risks  Agent had to possess known effectiveness on both Class A and B fires  Agent had to demonstrate an effective throw range of no less than 25 ft.
Previous USAF/AFRL efforts have examined the effectiveness of several firefighting agents and extinguisher platform combinations, as well as baseline performance measurements using the current DOD Halon 1211 extinguisher (5 AFCEC proposed a revised approach to the Halon flightline extinguisher replacement evaluation process as it appeared that an agent and extinguisher meeting or exceeding the equivalency/alternative criteria was not likely to be found. AFCEC proposed that the data from all the previously tested agents/extinguishers and the data from the Amerex model 775 be compared not on a pass/fail basis but on a best performance basis. 
Description of Extinguisher
The Amerex Model 775 wheeled fire extinguisher is shown in Figure 2 . The manufacturer's specifications for the Model 775, as well as a DOD Halon extinguisher (the Amerex Model 600) are presented in Table 1 ( 6) . Physically, the model 775 is very similar to the Halon 1211 extinguisher, having an identical carriage but with a somewhat longer and narrower cylinder. 
METHODS, ASSUMPTIONS, AND PROCEDURES
Rear Engine and Access Panel Fire Tests.
Rear engine fire tests and access panel fire tests were performed using the F-100 nacelle test fixture located at the Silver Flag test site (Figure 3) . The fixture is a cylinder 16 ft long that contains an inner cylinder (the space between the cylinders is termed the annulus) and three baffles positioned along the inside of the inner cylinder. The fixture is equipped with three spray nozzles that allow fuel to flow into different regions of the nacelle to simulate different fire scenarios. The nacelle sits atop a concave concrete pad that can collect a pool of jet fuel as part of the fire scenario. Design details and test protocol using this fixture are described in AFRL-ML-TY-TR-02-4540 (4) During the rear engine tests and access panel tests, the Amerex 775 extinguisher was positioned on a scale so that the mass could be monitored during the test (Figure 4) . A computer and data acquisition system was coupled to the scale to record mass data at a rate of one data point per second. This was done to facilitate filling the extinguisher with the proper amount of agent before each test, and to allow calculation of the mass of agent used and discharge rate of agent during each test. The scale accuracy was ± 1 lb. Two tripod-mounted video cameras were set up to record each test from two different angles. A tripod-mounted Kestrel weather meter was also used to monitor the ambient temperature, humidity, and wind speed and direction. Testing was performed only when wind speed was 8 mph or less. The extinguisher and nacelle were positioned so that the wind direction was from the firefighters' back and towards the nacelle, plus or minus 30 degrees.
Rear Engine Fire Tests
Rear engine fire tests were conducted as outlined below, and consisted of a pretest phase, in which a the nacelle was first preheated to a specified temperature ( Figure 5 ), and then a certain amount of fuel was allowed to flow into the nacelle and onto the concrete pad (Figure 3 ), followed by test phase, in which the firefighter attempted to extinguish the fire ( Figure 6 ). 
Pretest Phase
Figure 5. The F-100 Nacelle Mockup during the Pre-Burn Phase of a Rear Engine Fire Test
Test Phase  Ignite low-pressure turbine and afterburner fuel sprays with a suitable torch applied through the ignition port.  Ignite fuel in the pan on the ground with a suitable torch.  Allow the fuel to burn for 15 s. 
Access Panel Fire Tests
Access panel fire tests were conducted as outlined below, and consisted of a pretest phase in which the nacelle was preheated, followed by test phase, in which the firefighter attempted to extinguish the fire ( Figure 7 ). Unlike the rear engine fire test, during the access panel fire test it was necessary for the firefighter to direct agent into the side panel of the nacelle to extinguish fire that developed in the nacelle annulus. The intent of this test is to simulate a hidden fire in an engine nacelle. 
Pretest Phase
Rear Engine Fire Tests
A total of eleven rear engine fire tests were performed. Test 3 was deemed invalid due to a structural defect that developed in the F-100 nacelle during the test. The results from test 3 are therefore not included in the analysis of extinguishing performance, but are included in some of the statistical analysis presented later in this section. Of the remaining ten tests, the extinguisher successfully extinguished the fire in nine tests. Table 3 summarizes the results of the rear engine fire tests performed with the Amerex 775 extinguisher. Temperature, wind speed, and humidity are values measured by the Kestrel weather meter just before the start of the test. Extinguishment time, the time between the start of agent application and extinguishment of all visible fire, was obtained from the video footage. Discharge time and quantity discharged were obtained from balance data recorded by the data acquisition system. Average discharge rate is the quantity discharged divided by the discharge time. During tests 3 and 4, the tests in which the firefighter failed to extinguish the fire, the firefighter discharged the extinguisher 25 and 29 s before ceasing. Data recorded by the scale revealed that very little mass was lost from the extinguisher during the last several seconds of discharge. The long discharge time and low average discharge rate were therefore excluded from Table 3 to prevent them from skewing the average values and standard deviations of the successfully extinguished fires. In addition, the data acquisition system recording the scale readings failed during tests 1 and 8. Therefore some of the statistical analysis that follows included only the remaining seven tests.
Extinguishment Time
The Amerex extinguisher successfully extinguished nine of ten rear engine fires. The average extinguishment time for the nine successful attempts was 20.7 s with a standard deviation of 1.9 s, compared to an average extinguishment time of 16.6 s, with standard deviation of 9.9 s, for Halon 1211.
Although the firefighter performing the test was very experienced in performing rear engine fire tests, it could still be expected that as the firefighter performed successive tests with this particular extinguisher that the extinguishment times would tend to decrease as the firefighter became accustomed to the unique features of the extinguisher and agent. Figure 9 presents a plot of extinguishment time vs. test for the nine successfully extinguished fires and a least squares linear curve fit of the data. The Pearson product-moment correlation coefficient for this data set is -0.33, indicating the extinguishment time is weakly and negatively correlated to the test number. In other words, the extinguishment time tended to decrease with each successive test, but the correlation is low.
Figure 9. Plot of Extinguishment Time vs. Test Number for the Nine Succesfully Extinguished Rear Engine Fires
The correlation between extinguishment time and ambient wind speed, temperature, and humidity can similarly be examined. Table 4 presents the Pearson product-moment correlation coefficients for the correlation between extinguishment time and these three parameters, as well as the coefficient for test number, described above. This quantity varies between +1 and -1, indicating total positive and negative correlation, respectively, while a value of 0 indicates that no correlation exists. The extinguishment time is moderately positively correlated (+0.62) with wind speed -higher wind conditions resulted in longer extinguishment times, and moderately negatively correlated (-0.65) with humidity -higher humidity conditions resulted in lower extinguishment times. Essentially zero correlation (+0.03) existed between extinguishment time and ambient temperature, although testing occurred over a limited range of temperatures (58.3 to 68.1 °F). 
Reignition
No reignition occurred in any of the nine tests where the extinguisher successfully put out the fire.
Quantity of Agent Consumed
The Amerex model 775 extinguisher has a capacity of 150 lb. Of the nine tests in which the fire was successfully extinguished, the average discharged weight was 131.8 lb (88 percent of full capacity) with a standard deviation of 9.7 lb, compared to an average discharged weight of 66.2 lb (44 percent of full capacity) and standard deviation of 21.3 lb for the Halon 1211 extinguisher from previous tests.
The Amerex model 775 extinguisher has a nominal capacity of 150 lb of Novec 1230. In addition, it was noted that approximately 2 lb of nitrogen gas was needed to pressurize the extinguisher to the required 125 psi. During tests 3 and 4 the firefighter completely discharged the extinguisher without extinguishing the fire. For those tests, the scale recorded a mass loss of 145 lb and 146 lb, respectively. It appears that a small amount of agent remains in the extinguisher after all the pressurizing gas is expelled. This was also noted when servicing the extinguisher between tests. After removing the hose and valve, the extinguisher still had a noticeable volume of liquid at the bottom of the cylinder.
Comparison with Previously Tested Hardware/Agent Combinations
The Amerex/Novec system extinguished nine of ten rear engine fires. The quantity of agent required to extinguish the fires varied from 121 to 148 lb, averaging 131.8 lb of agent used. Extinguishment times varied from 18 to 24 s, for an average extinguishment time where successful of 20.7 s. Table 5 summarizes these results, and presents the results from rear engine tests using Halon 1211 and several other extinguisher/agent combinations obtained from references (1) and (5). 
Access Panel Fire Tests
A total of ten access panel fire tests were performed. Nine fires were successfully extinguished, one was not extinguished. In the rear engine fire tests, the firefighter extinguished the fire with one continuous discharge of agent. However, in the access panel fire tests, the firefighter applied two or more short bursts of agent while moving around the F-100 mockup. Because the discharge was not continuous in the access panel tests, the discharge time and average discharge rate were not calculated. The correlation between extinguishment time and test number, ambient wind speed, temperature, and humidity were examined by calculation of the Pearson product-moment correlation coefficient for these parameters. Table 7 presents the Pearson product-moment correlation coefficients for the correlation between extinguishment time and these four parameters. The extinguishment time is moderately negatively correlated (-0.49) with test number-the extinguishment time tended to decrease each successive test as the firefighter became more experienced with this fire scenario. Little to no correlation is seen between extinguishment time and wind speed, temperature, or humidity. No reignition occurred in any of the nine tests where the extinguisher successfully put out the fire.
Quantity of Agent Consumed.
The Amerex model 775 extinguisher has a capacity of 150 lb. Of the nine tests in which the fire was successfully extinguished, the average discharged weight was 80.5 lb (54 percent of full capacity) with a standard deviation of 18.3 lb.
Comparison with Previously Tested Hardware/Agent Combinations
The Amerex/Novec system extinguished nine of ten access panel fires. The quantity of agent required to extinguish the fires varied from 59 to 106 lb, with an average of 80.5 lb of agent used. Extinguishment times varied from 12 to 19.5 s, for an average extinguishment time when successful of 15.1 s. Table 8 summarizes these results, and presents the results from rear engine tests using Halon 1211 obtained from references (5). 
Stream Reach Tests
One stream reach test was performed using the Amerex model 775 extinguisher. Stream reach was estimated based upon the ability of the extinguisher to extinguish small cups containing burning JP-8 fuel as described in section 3.2. Cups were positioned at 5-ft intervals from 20-ft through 40-ft distance from the extinguisher. The extinguisher demonstrated the ability to extinguish the cups of burning fuel at a distance of at least 30 ft from the nozzle in still air.
Previous stream reach tests on the DOD/Halon 1211, Ansul/FE-36, Amerex/Halotron-1, and Buckeye/Halotron-1, extinguisher/agent combinations established that the stream reach in each case was a minimum of 35 ft. The Amerex/Novec 1230 extinguisher/agent combination is therefore comparable to these other systems in terms of stream reach.
